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EFFECT OF ARFA-SUCTION-TYPE BOUNDARY-LAYER CONTROL
ON THE LANDING-APPRCACE CHARACTERTISTICS OF
A 350 SWEPT-WING FIGHTER

By George E. Cooper and Robert C. Innis
SUMMARY

This report presents results of evaluation Tlights of F-86 series
aircraft equipped with two types of boundary-layer control differing
significantly with regard to the type of 1ift increment produced. In
one case, application of boundary-layer control to the wing leading edge
increased maximum 1i1ft coefficient Clpax slgnificantly by delaying stall
to higher angles, but provided no change in 1ift at a given attitude. In
contrast, application of boundary-layer control to the trailing-edge flaps
increased the flap 1ift increment at attitudes below Crp,,, but resulted
in only a small increase in Clmax-

The report presents the comments of 16 Air Force, Navy, contractor,
and NACA pilots as to the reasons for their choice of minimum, comfort-
able approach speed on the several configurations tested. These pilots"'
opinions are snalyzed in relation to the cheracteristies of the airplanes
in an attempt to isolate the serodynamic factors of primary importance in
establishing landing-approach speeds.

INTRODUCTICON

Application of boundary-layer control to airplenes has indicated
that two types of 1ift increment may be obtained. As Indicated in ref-
erence 1, application -of boundary-layer control to the leading edge of
a swept wing increased Crp,o. significantly by delaying stall to higher’
angles, but provided no change in the 11ft at a given attitude. In
contrast, application of boundary-layer control to the trailing-edge
flaps of the same wing incressed the flap 1ift increment at attitudes
below Cipgxs; but resulted in only a relatively small increase in CLmax‘

(See ref. 2.)
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In order to obtain some flight experlence with these two types of
boundary-layer conirol, two F-86 airplanes were modified. - One airplane
(an F-86F) was equipped with porous suction boundary-layer control along
the wing leading edge. The other airplane (an F-86A-5) was equipped with
trailing-edge flaps having porous: suction boundary-layer control near the
flap leading edge. Evaluation flights on these alrplanes were flown by.
16 Air Force, Navy, contractor, and NACA pilots, asnd the effects of these
applications of boundary-layer control on the flight characteristics of
these airplanes were determined. "The specific results dealing with 1lift
increments obtained, flow requirements, and installation details have
been reported in references 3 and 4. It is the purpose of this report
to examine the relatianship between the pilots' opinions of the several
configurations flown and theilr choice of minimum, comfortable landlng-
approach speed, ‘

NOTATION "... . .. ... _.

Ax longitudinal acceleration
Ag normal acceleration. ... ... .. ... ___. _

B.L.C. Dpoundary-layer control .. e e e e - _

c wing chord P e e e
Cp drag coefficient . - O . .
Cr, 1ift coefficlent .. - e e e —

Clmax maximum 1ift cgeffigient

¢.L.E. cambered leading edge

D drag
Fag gross thrust _
Fr ram drag

I.A.S. pilots' indicated alrspeed es read from cockpit indicator, knots

Q ol

1ift-to-drag ratio...
dynamic pressure
VA calibrated approach airspeed,uknqtg
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Vg = calibrated stalling airspeed, knots

vCLmax calibrated airspeed corresponding to maximum 11ft coefficient,
‘knots

(g) wing loading for approach condition (1000 Ib of fuel remaining)

2N i :

@ angle of attack of fuselage reference 1line

DESCRIPTION OF TEST ATRPLANES

Three slightly different models of the F-86 airplane were used in
this program. The first, a standard F-86A-1, shown in figure 1, was
equipped with leading-edge slats and 38° slotted flaps, and was flown by
most of the evaluating pilots to provide & basis for more direct compar-
ison between the standard airplane and those equipped with boundary-
layer control. Unfortunately, this model had several undesirable features
that were not representative of the standard F-86A-5 and later versions.
These included: a different leading-edge slat which provided a greater
CLm but really did not provide a corresponding decrease in usable
stai{ing speed because of an undesirsble plich-up preceding the stall;

8 pilot's airspeed indicator which was unrelisgble below approximately
102 knots; and excessive friction in the longitudinal control system.

The second airplane was an F-86A-5 model, a photograph of which is
included as figure 2. Suction for the flap boundary-layer control was
obtained from a simple ejector pump (mounted below the fuselage) utilizing
alr bled from the twelfth stage of the Jet-engine compressor. Suction
was controlled by & switch in the cockplt which actuated & shutoff valve
in the bleed line. This alrplane was very similar to the first in that
both were eguipped with power-boosted ailerons and elevator controls, but
differed in that the flap deflection was increased to 5592 and porocus ares
suction was applled nesr the flap leading edge. In addition, the leading-
edge slats were replaced by cambered leading edges (refs. 5 and 6)
equipped with 0.20c wrap-around fences {(0.05c height) at the 63-percent
span location. This combination gave approximately the same stall speed
as the normal alrplane with slats and 38° Plaps.

Upon completion of the evaluation of the second airplane, improved
flap 1ift characteristics were cobtalned by refairing the flap-fuselage
Junction and changing to a porous material having graded porosity. In
addition, a diffuser was added to the ejector pump which increesed the
speed range over which Pull flap Lift increment was realized for a 64°
flap deflection. This configuration may be seen in figure 3. Several
wing flap and wing leading-edge ccmbinations were investigated after
these changes were made. These Included the 55° flap with the wing
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leading edge cambered and no fence, 550 flap with the wing leading-edge
slat, 64° flap with the wing leading edge cambered plus a fence, and
64° flap with the wing leading-edge slat. _

The third sirplane, shown in figure 4, was an F-86F model on which
the leading-edge slats were replaced by leading edges of the same profile
contailning a porous strip extending over essentially the complete span
and through which the boundary-lsyer air was drawn. Suction for the
leading-edge boundary-layer control was obteined from a modified turbo-
supercharger mounted beneath the fuselage and driven by air bled from
the twelfth stage of the Jet-engine compressor. Besides a switch for
actuating a shutoff valve in the suction line, the cockpit controls
included buttons on the control stick to incresse and decrease rpm, which
modulated the bleed alr to the turbo and hence controlled the turbo rpm
and amount of suction. A more complete description of thls porous area-
suction installation may be found in reference 3. In contrast to the
F-86A model, this airplane (F-86F) incorporated irreversible power-
operated ailerons and linked elevator and stabilizer (flying tail), each
with artificial feel. The major effect of these two different control
systems was that, with the latter one, the maneuvering control forces
were considerably higher in the landing-approach speed range than with
either of the F-86A airplanes. With the artificial-feel system, positive
longitudinal stick-free stability was present throughout the approach,
wvhereas on both F-86A airplanes the stick-free stability was essentlally
neutral at approaclk speeds.

TEST PROCEDURE

The 1nitisl phase of the investigation was flown by a_total of 16
Air Force, Navy, contractor, and NACA pilots. Each pliot flew at least
one £light in each of the alrplanes with boundary-layer control, and
several pllots made two or three flights per alrplane. Most of the pllois
also flew one flight in the standard F-86A-1 equipped with 38° flaps and
leading-edge slats. FEach pilot was requested to furnish the following
information on each different configuration flown: stall speed, stall
characteristics and opinion of stall, the minimum comfortable approach
speed at lending welght,' and the primary reasons for choosing that par-.
ticuler approach speed. (These data are summarized in table I for each
pilot.) The Navy snd NACA pilots made their evaluation based on the
requirements for a carrier approach and landing. For this purpose, field
carrier lendings were made with most of the configurations at Crows Land-
ing Auxilisry Landing Field with the aid of a Navy Landing Signal Officer.
The Alr Force pilots, in general, made "360° overhead, partial power, :
sinking-type spproaches, which started at approximately l,OOO feet alti-
tude over the touchdown point.

‘Landing weight as used herein is defined as tﬁe gross_weight with

1000 pounds of fuel remaining.

NSRRI
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While the carrier type of approzch may be defined by a single
approach speed, it was noted that with the sinking approach at least
three different speeds at different points in the pattern were considered
necessary by most pilots to define adequately any given approach. These
are: the speed when turning onto final approach, the speed "over the
fence" (which generally coincides with the point at which the pilot beglins
his round out), and the touchdown speed. TFor reasons of simplicity and
comparison in those cases where three speeds were given, only the over-
the-fence speed has ‘been used as it was found to be more similar to the
carrier-approach speed.

A later phase of the investigatlon comprised fleld carrier landing-
evaluation flighta of the suction-flap airplane with the Improvements
(fig. 3) and several leading-edge combinations. Thieg phase of the eval-
uation was conducted by the four NACA research pilots who alsc took part
in the initiael evaluation.

It is noted in table I that most pllots tended to report approach
speeds to the nearest 5 knots or in ranges of alrspeed such as 105 to 108
knots. This fact probably arises from pilot reluctance to rely on the
girspeed indicator closer than 2 to 3 knots, as well as the feeling that
the approach speeds given were average values because of the varistion in
wing loading, which normally changed about 10 percent during the course
of an evaluation flight.

In the calculation of the measured stalling speeds and thrust-
required curves, the value of wing loading used for each airplane was
that corresponding to 1000 pounds of fuel remaining. This is given
below for each test alrplane.

Standard sirplane 42.3 1b/sq £t
Suction flap airplane 42.6 1b/sq £t
Suction leading edge airplane W 7 1b/sq £t

The value of gross weight for which mgny of the pilots reported
stalling Speeds Was DAk accurately known. This factor undoubtedly

contributed to the scatter in the reported stalling speeds, as well as
to the differences between reported stalling speeds and the measured
values based on CLmax‘ For the stendsrd airplane, this discrepancy ls

further aggravsted by an unrelisble but lasrge error in indicated airspeeg
below about 102 knots. Conseqpent}y;—fhe measured value oOr stall speed

has been used for all compsarsative purposes.

An airspeed calibration was obtained in flight for all three air-
planes covering their approach speed ranges to allow correlation between
pilot-reported speeds on the different airplanes as well as to allow
proper correlation beitween speeds reported by the pilot and the various
measured guantities.
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Recorded airspeed for all three test ailrplanes was obtained using
an identical system. This consisted of an NACA swiveling piltot static
head mounted on the tip of a 96-Inch nosée boom snd may be seen in
figures 2 and 3. Also visible in these Pigures is the offset located
near the tip of the nose boom which contalned =a flow-angle vane for meas-

.uring angle of attack. For pilot-opinion Tlights The stendard pilota’
airspeed InMatcator BYstem was used on both the standard F-86A-1 and the
F-86F equipped with leading-edge boundary-layer control. These systems
comprised, for the standard F-86A-1, a total-pressure source located in
the engine duct and a static-pressure source on the side of ‘the fuselage,
while for the F-86F, both total and static pressures were obtained from
& pltot static head located on the right wing-tip boom. For the suction
flap F-86A-5 alrplene, the pilots' airspeed indicator was cormnected,
directly to the swiveling head which had been used for the recording
system.

Calibration of the standard F-86A-1 and the F-86F was obtalned by
comparing the pllots' indicated asirspeed with the recorded airspeed.
Since on the F-86A-5 airplane, the same pitot-static source was used for
both the pilots' indicated.and recorded sirspeeds, only instrument error
would be expected. This was verified by pacing with the F-86F down to
95 knotes Indicated airspeed. A check of. the gtandard F-86A-1 wab slso
made in this manner down to 105 knots. At speeds below about. 102 knots,
this slrspeed system _had a large error and wqﬁ severely affected by small
pltch changes. - ' o

With the exception of table I, which gilves pllot-reported stall and
approach speeds iIn terms of the pllots' indicated airspeed, all other
airspeed values are calibrated gpeeds and were obtalned from pilots! indi-
cated speeds using the flight-determined. calibration curves of figure 5.

DATA REDUCTION . . ..._._. . _.

The 11ft and drag data were obtalned in steady flight at conetant
values of engine rpm corresponding to approach power settinga.

The equatlions used to determine the 1lift coefficlents and drag
coefficients are as follows:

Cr, = g% (Agcos a + Aysin o) - €§ (Fgein a)

W 1
Eg.(Azgin o - Agcos Q) +'E§ (Fgeos @ - FR)

Q
o
1
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In the eguations sbove, the firet portion is for the accelerations
on the airplane, while the second portion is for the thrust force acting
on the airplane and the force caused by turning the air at the inlets.
The gross thrust and engine air flow were determined from measurements
of the total pressure and temperature in the tail pipe of the Jet engine.

Measured stalling speeds were determined using the measured values
of Cipax With a correction for thrust based on the thrust required at
the approach airspeed.

Thrust-required curves were determined at landing weight for each
configuration by the followlng relationship:

Net thrust from the engine required for level flight = gmor

RESULTS

Initial Investigatien

The effects of applying area suction to either the flap or the wing
leading edge, in terms of 1ift coefficlent and angle of attack, may be
seen in figure 6 for the airplanes flown in the initial investigation.
Also shown is the effect of increasing flap deflection from 38° on the
standard ailrplane to 55° on the suction-flap airplane. This comperison
is of interest, but because of the undesirable festures that were pre-
viously pointed out as existing on the standard F-86A-1 airplane, it is
not considered as reliable zs those made between the various boundary-
layer control configurations. The 1ift coefficient corresponding to each
pillot's approach speed has been shown on these curves in order to indicate
the range of angles of attack being used. '

The opinions of each of the 16 evaluation pilots, relating to the
stalling and landing-approach characteristics, as indicated earlier, msy
be found in table I. The stall data bhave been condensed and compiled
into table IT, while a compilation of the minimum comfortable approach
speeds (or over-the-fence speeds) chosen by each pilot is given in
table III. Comparative figures sre listed showing the effects of suction
alone and of increased flap deflection, as well as comparisons with the
standard ajirplsne. While conslderable wvarigtion existed in the individual
pilot's choice of the minimum, comfortable approach speed, it is felt
that the decreases in approach speeds noted are wvalid.

The primary reason gliven by each pilot for choosing his approach
gpeed is given in table IV for each configuration flown. Curves of thrust
required for level flight plotted against airspeed are presented in
figure 7 for those configurations flown in the initial investigation.
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The average approach speed chosen by the pilots 1s shown on these curves
to enable comparison with the minimum-thrust-required speed.

The relationshlp between approach speed and stalling speed for the
configurations flown_in the initial phese are presented below.

Va
Configuration 7
Clmax
I Standard airplane 1.33
! o
IT Buction-flap alrplane . 'qﬁlh
Suction off 1.23 | 4~ #
Suction on 1.19

IIT Suction leading-edge airplane
Suction of?f .
Suction on -

Later Investigation

The 1ift versus angle-of-attack dats for the additional suction-
flap configurations (IV through VIT) flown in the later investigation
are presented in figure 8. The pilot-opinion data for these configu-
rations are included in teble V. (Also included for comparison are the
data from the initial phase for the four pilots who flew all configu-
rations.) The ratios of approach speed to Btalling speed sre shown in
this table for these pilots and 8ll configurations flown.

The primery reason given by each of these pilots for limiting his
approach speed wae given in table IV, along with the reasons given in
the initial phase. Thrust-required versus asirspeed curves are presgented
in figure 9 for the suction-flap asirplane wlth leading-edge slats, and
with either a 55° plain flap or a 64O plain flap. The relationship
between pilot-approach speed and the speed for minimum thrust required
is shown in figure 10 for all configurations flown.

DISCUSSION

There 1s a wide variety of factors which may be considered by a
pilot as affecting his choice of minimum comfortable approach speed. It
is possible, and often the case, that several factors are present for
one airplane, making selection of a single primary reason difficult
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because of complex interrelsationships. An attempt has been made here,
however, to isolate those factors considered of primary importance by
the pilots.

Examination of table IV indicates that reasons assigned by the pilots
for limiting the approach speed of the various airplanes cen be divided
into three categories, as follows:

A. Reasons associated with stall characteristics: It would be
expected that on airplenes limited by this characteristic the C:X:
most direct influence on the approach speed would result from

an increase in Cp or improvements in the stelling charac-
teristices. X

B. Reasons associated with attitude or visibility limitations:

It would be expected that on an sirplane limited by thle charac-
teristic the most direct influence on approach speed would result
from an increase in 1ift at attitudes below CLmax' ’

C. Reasons associated with longltudinal control, that is, ability
to control altitude or flight path: A number of factors influence
this characteristic. One expected to be of primary importance,
which was varied on the test airplanes, was the variation of L/D
with «. This variation is most evident from the flight data by
the change in the shape of the curve of thrust required for

steady level flight versus speed (figs. 7 and 9).

It is of interest to examine the above listed enticipations in compar-
ison with the approach speed decyements realized from the two different
types of boundary-layer control.

The F-86F with boundary-layer control applied to the leading edge
falls definitely into Category A with suction off, since CLmax was

less than that of any of the configurations tested (fig. 6(b)) and

table IV shows that 13 of the 16 pilots who flew this airplane limited
their approach speed because of proximity to the stall or yaw. The
application of leading-edge boundary-layer control to the F-86F increased
Ct by 0.60, and the corresponding stall speed was reduced 22.2 knots.
Ae = result, only one pilot tended to consider proximity to the stall a
limiting factor although 3 were influenced by poor stall characteristics.
The average reduction in approach speed was 20.2 knots, only slightly
less than the reduction in Vg. From the pllots® comments it 1s apparent
that & new limiting factor was introduced, attitude or visibility (cate-
gory B), which prevented the full utilization of the CLmax increment.
Thus, although leading-edge boundary-layer control postponed the sangle

of attack for Cr__ by as much &as 100, only 5° of this increase was

actually used.
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Flight of this airplane with boundary-layer control operating also
revealed an undesirable characteristic which may be pertinent.in the use
of any type of boundary-layer control that requires malntenance of con-
giderable power for ite operation. When making sinking-type approaches,
the pllots found 1t impossible to slow up below 115 knots without reducing
engine rpm below that required to maintain adequate boundary-layer control.
With the carrier-type approach, this was not s problem as approximately
80-percent rpm was required in this approach, and a significant increase
in Cugax Was available as shown in figure 6.

The F-86A with boundsry-layer-control flaps does not present as
clear~cut a case as does the F-86F. The 16 pilots who flew this airplane
were almost evenly divided in thelr reasons for limiting approach speed
with boundary-layer control inoperative: 7 considered praximity to the
stall (Category A) the limiting factor; 5 considered visibility and atti-
tude (Category B) the limiting factor; and 6 considered the longitudinal
control (Category C) the limiting factor.-

On the basis of the results presented in figure 6(a) it would be
expected that application of boundary-layer control to the flap would
tend to be relleving with respect to attlitude end visibility rather than
stall speed (a AVg of only 1 knot). The pilots' comments are consistent
with these changes in that, with boundary—layer control operating, only
two considered the attitude or visibility the limiting factor. The aver-
age decrease in the approach speed was 5.9 knots. Closer examination of
this average, however, reveals that the pilots who previously considered

Category B or C the_limiting factor benefited most fram the operation of
boundary-layer control to the extent of a T.9-knot decrease. The pllots
who previocusly had consgidered proximity to the stall the limiting factor
benefited the least to the extent of 3.0 knotas. Thus, desplte the lack
of any dominant limiting factor on thils airplane, there is a consistent
relationship between the effect of aerodynsmic change and the factors
which the individual plilot considered limiting on cholce of approach
speed.

The aerodynamic factors which influence the ease with which the atti-
tude or flight path of the airplane can he. controlled are more complex
than the Category A and B limitations. However, on all but one of the
configuratione tested, the average minimum approach speed chosen bears
8 conslstent relatlonship to the speed for minimum thrust (fige. 7, 9,
and 10). Far all cases except that with leading- edge boundary-layer
control on (fig. 7(®b)), the minimum approach speed lies slightly above
the gpeed for minimum thrust required. In this one case, however, the
flatness of the curve in this region makes the minimum-thrust point much
leas clearly defined. Thie relationship possibly reflecte the pilots!
reluctance to fly on the "back side" (below speed for minimum thrust) of
the thrust-required versus speed curve. It can . be reasoned that, at
speeds below this minimum-thrust point, the ability to flare or srrest
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sink rates deteriorates below the minimum acceptable to the pilot and
tends to result in his setting his approasch speed accordingly. This sur-
mise 1s not explicitly borne out by the pilots' comments, but it will be
observed from table V that the decreases in average approach speed due to
boundary-layer conirol on the flsp are related very closgely to the cor-
regponding decreases In speed for minimum thrust required. It is note-
worthy that the research pilots (K, L, M, and N) who had the most
opportunity to fly the test eirplenes, were conaistent in noting Cate-
gory C as the primary limiting factor establisghing the approach speeds

on all the flap boundary-lesyer-control configurations. Category C is
also considered as the limiting factor for the standard F-86A-1 by T out
of 12 pilots.

Of the additional conflgurations flown having flap boundary-layer
control (see table V), it 1s of interest to note that configuration IV,
(C.L.E. no fence) had sn unsatisfactory roll-off at the stall but fell
in Category C rather than Category A. Configuration V, having excellent
stall characteristice, was also limited by Category C and was generally
congidered the most desirable configuration £flown, although it did not
result in any appreclable decrease in approach speed over configuration IV.
A s8lightly grester decrease in approaech speed resulted from incressing
the flap defiection to 6&0, but the increaged drag resulted In less
desirable wave-off characteristics.

CONCLUDING REMARKS

. Evaluation Flights by 16 pilots of an F-86F airplane equipped with
an area-suction leading edge and an F-86A-5 equipped with an area-suction
flap indicated significant reductions in the minimum comfortable landing-
approach speed were possible with addition of boundary-layer control.
Leading-edge boundery-layer control was most effective in provlding a
large reduction in both stalling speed and approasch speed together with
an increased margin of 1ift for flare and maneuvering during the approach.
Further reduction in approach speed was limited primerily by visibility
and attitude considerstions. While flap boundary-layer control reduced
the stall speed only slightly, 1t reduced.the alrplane attitude reguired
to obtain a given 1ift and therefore affected reduction in approach spee
for those pilots giving visibility and attitude or longitudinal control
as the limiting factor. Although each boundary-layer-control application
resulted in s favorable change in the shape of the thrust-required versus
speed curve (a reduction in speed for minimm thrust required), the
suction-flap case was most indicsastive of a close relationship between the
limitation of longitudinal caontrol (or ability to control sltitude or
flight path), the pilot's minimum approach speed, and the speed for
minimum thrust required. The pllots' reluctance to fly below the speed
for minimum thrust therefore appears associated with the loss in longi-
tudinal control and ability to control altitude or £light path.
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Additional research on a variety of aircraft should be carried out in
order to relate the primary limitation on approach speed establisghed by
the pllot to aerodynamic characteristics of each airplane.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Nov. ik, 1955

REFERENCES

1. Holzhauser, Curt A., and Martin, Robert K.: The Use of Leading-Edge
Area Suction to Incresse the Maximum I1ft Coefficient of a 35°
Swept~-Back Wing. NACA RM A52Gl7, 1952.

2. Cook, Woodrow L., Holzhauser, Curt A., and Kelly, Mark W.: The Use
of Area Suctlion for the Purpose of Improving Trailing-Fdge Flap
Effectiveness on a 35° Sweptback Wing. NACA RM A53E06, 1953.

3. Bray, Richard S., and Innis, Robert C.: TFlight Tests of Leading-Fdge
Area Suction on a Fighter-Type Airplane With a 359 Sweptback Wing.
NACA RM A55CQT, 1955. ' ' o

4. Anderson, Seth B., and Quigley, Hervey C.: Flight Measurements of
the Low-Speed Characteristics of a 35° Swept-Wing Airplane with
Area-Suction Boundary-Layer Control on the Flaps. NACA RM A55K29,

1956.

5. Anderson, Seth B., Matteson, Frederick H., and Van Dyke, Rudolph D., Jr.:
A Flight Investigation of the Effect of Leading-Fdge Camber on the
Aerodynamic Characteristics of a Swept-Wing Airplane. NACA
RM A52L16a, 1953. '

6. Anderson, Seth B.: Correlation of Flight and Wind-Tunnel Measure-
ments of Roll-Off in Low-Speed Stalls on a 35° Swept-Wing Aircraft.
NACA RM A53G22, 1953.



TABLE I.- PILOTS' COMMENTS RELATING TO STALL AND APPROACH CHARACTERISTICS

(a) configuration I

Standerd F-86A-1; 38° flap; slats

Sucticn [Btall apeed ach ppeed
Pilot {51 6. I.A.s.,pl:nois dtell cheracteristics m_, k:g“ Primary reasons for choosing spproach spesd
A - 98-~100 Warning: Iightaning of shick forcea. 115 Visibillty 1s limiting factor, Have good cantrol down
Stall: Satisfactory. MNild pltch-up to 105, but attitude best at 115-120, At about 100 much
and roll-off. larger stick movemant is necesaary for coutxrol.
Approach speed dependedt upon guatinass.

B - o Werning; Merglnelly oetielectory. 115 115 chosen to give slaquate speed obove stall (in this
Force lightening at 105-102 ard case 105 whera farce lightening occurred), I..8.0.
pltch=up st 102. Mo asrodynamic (Landing Bignal Offjaer) would add 15 to stall for
warning. spproach spsed. Pilot chooses a winimm of 10, Alr-

Btall: Astisfactory, Mild buffet, plane flyeble at eny spesd ebove stall. Elsvator
laft roll-off, easy to control. control good at 110, At 110-11% visidility is a
Alerony wore affective than problem btut would not ba If past could be reised. Cou-
clevator at stell. midarabls flomting experienced at 115.

B3 - 100 Warning: Kone. 130 on final Forverd viafbility,

8tall; Blight piteh-up; left wing 120 ovar fance

drop, inoipient Epin,
F - =101 Harning: insufficient, 1% Foor lateral control end Hormal margin far flare out,

Btall: Batiafactory, Modesrate Better lateral control and feel ar suction flap air-

pltch-up and roll-off. plane, Worsa sink rate than suation flep airplena
suotion an.

G - 90 Warning: Light buffet 110. Yewa left|130 oo final Pattern felt comfortable by touching down at 110 with
at 103 but aontrollable. 180 over fenos [no buffet or yaw.

Btall: Very good., Slow laf't wing 110 toushdowm
drop.

H - 100 Werning: Good, Light tuffet end 130 Limited by vielbility and feel of siroreft. Lack of
pitch-up at 105. adsquats seat adjustment reptricts visihdility over nose

Btall: Ko comments, - mora than oh suction-flap airplane. Lems mble to reck
aromd at 120 then suction-flap airplsne.

T - 100 arning: Gooll, 3-0 ebove ptall, 125 over fance [Coefortable attltade, visibility. Not worrled sbout

8tell: Good to excellent. 115-110 on hitting taillpipe.
‘toatahdown .

K - 100 Btall: BSatisfactory. 120 Dacrasgs in ability to oomirol mlfifude by longd

contro)], nlona,

L - 100 Stall; Eatisfactory. Mild pitch-up 120 Loss of lomgitodina)l control. No etiak cantaring from
and rall-off, trim at approach ppeed,

] - 101102 Btall: Unpatisfactory. D o pitoh- 115 osltive altitude ocntrol.

N - 101 E%.n_s: Tosatisfactary. Very LIGEle] pE] o ccmment.

Btally Satisfactory.
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TABLE I.- PTLOTS' CCMMENTS RELATING TO STALI AND APPROACH CHARACTERISTICS - Continued

(b)  Configuration IT:

F-86A-5; 55° suction flap; C.L.E. plus fence

Pilot gu;téun ?ﬁ.:p;ﬁg’u Stall characterigtics ?Tg'fhk;md Primary resscns for choosing approsch speed
A ore 100 Warning: Weak Buffet. 115 Proximity to stall. Good control 100 up. Good visi-
8tall: Very satiafactory. Mild bility 115-118. No noticesble difference between
On 100 pitching, very gentle, 119 suction on and off.
B orf 100 Warning: Too clome btut adequate, ns Limited by viaibility at 110. Control is satisfactory
Btall: Mild, satisfactory. right down to stall., Longitudina) control too semsitivel
’ &t approach speeds, More positive stick-free stability
ag an P-86F is more desirabile,
On 95-'9'3 Warning: Too close but adequete, Limiied by nearness to atall. Vislbility was not Limitd
Stall: Mild, satisfactory. 108 ing at 110. Attitude 1s more desirable with suction oa,
tut without lower stall speed, would not lower approach
gpeed.
c off 100 Stall: Batiefactory. 128 Minimm positive control for guets or emergency.
: Tas Beller control and sTability Than with sacticr G7T]
o » Stall: Good 15 Ho visibility problem.
D off 100 Warning: Buffeting, slight wing roilJ 150 base Adequate speed above stall, Feels camfortable at 110,
8tall; Satiafactory. 120 over fencd Batisfactory stall allows coming to within 10 of stall.
110 toueh down
On 99 Warning: Buffeting and alight wing 140 Dbasze Aequate speed sbove stall. Decressed attitude allows
roll, 120 over fencd lower touchdown speed. Vismibility not a problem at basel
Stall: Satisfactory. 105, touch downy and final approach mpeeds used but noticeably improved
on touchdown,
E off — o8 Warning: High angle of attack, 135-130 on Optimm vis{bITity with more than adequate airspesd.
ehaking and wallowing of airplane final Ro control difficulties.
at 102 (mare than suction on), 115-120 over
Btall; BSatisfactory, nose drops fence
On 97 Warning; Rone 115 oan final | Decrease in approach speed due to better visibility.
Stall; Satisfactory., Consists of 105 over fencq Kot limited octherwiss. Posaibly could use 110 approach
wing drop which is eontrollable spoed an finpl., Over fence apeed limited by fear of
tut worae than suction off. Incom- dragging tail, ’
sistent: wing drops or stalls :
strajght abesd.
¥ ors 92-97 Warning: Good (100-103). 115 Limited by concern about ability to fiare and the time
Stall: Satisfactory. Piteh-up spent in transition-power off,
followed by piteh-down,
On G0-9% VWarning: Inadequate, 110 Limited by lack of stall warning. Idike incressed visi-
Btall: Setlsfactory. bility with guction. Bucticn also reduces rate of gink,
Flared better than anticipated Mt may have been influ-
snced by carrylng more power than usual. Flies better
5-10 above stall than suction off,
G Off 101 Warning: 0.K. Durble at 115, 130 on Tinel Limited by epeed above yaw and stall. B5ink rate higher
slight left yaw at 102. 120 over fencel than suction on.
Stall: Satisfactory. B8light left 110 touchdown
roll tendency, '
On k) varning; Satisfactory, Light 120 on final Limited by speed sbove gtall. Speed oo bage and final
buffet at 10%. 115 over fancei vary comfortable 120 kts. due to increased pbility to
8tall: Satisfactory. Straight 105 touchdown ; turn. Peels better suoction an, especially in jet wash
ahead, (1.a., turbulence). Could tighten pattern suctionm onm,
Decrease in attitude very significant, may influence
reduetion in approach speed.

4T
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TARLE T.-~ PITOTS' COMMENTS RELATING TO STALL AND APFROACH CEARACTERISTICS - Continued
(b) Configuration II: F-B6A-5; 55° suction flap; C.L.E. plus fence - Concluded

otion Stall mpeed Koproeck specl]
PMlot 1p1.0.] 1.4.8,, nots Btall characteristics ITB., Jmota Primary reasons for choosing approach spesd
if 9 Worning: BSstisfactory. Light 115 Limited hy ty to mtall, A4dad flap daflection
buffet. 550 over quite apparent, gave large improvement,
Stall: Hatiefactory. more than that dus to effest of sustion,
Gn [ Warning: Light to modorats buifet; 10 Limited by genersl foel In appromch. Decrense in sink
more than muction off. rate vith suction on, A more sclid feel, espeaimlly in
Btalls Batiufectory. tiros. Deoreass in attituds quite noticeshle. Fot
I off 100=101 1 . et 3 lass 1 pover [ + Not worried about proximify to
norsal F-88. on spprosch)| stall.
tn [+ Worning: Good. Boilet 3 less Uhen | LLS over fanoe Sposd oboyn stall, —AGtituds improved. Yaneovaring 1o
nommal P86, 110 touchdown oach falt bettar,
J off 100 Warning: Wing drop and bullet € or ﬂiﬁm. Solfioiant speed sbove atall.
3 above stall,
(=) a Warnlng: Safflefent, RigHt ving drop| hii,} Toals confortable,  Proxdmiby to stall. With mora
and buffet, 2 or 3 above shall. _pover an would be comfortable at 110,
K off [, Btall: Batisfactory. 11% Dacrease In ebility to control mititude by longitudinal
control wlone. Vislbility,

) 90 Gtall: Batisfastory, 168 Decreass in ab{11%y to contrel sltitude Ty longttadinal
control alcne, Vislbility fsproved over mustion off tut
beocmes oontribuiding fmotor again st this Lower '

T o2+ I I Varnlng:  Detisfactory. MOTet 3=k T Loss of TongTtudinel confrol or dm‘wﬁm
, ‘bafors atall. ocontrel altituds,
ftall; Estisfactory, Mild pitch-up, ’
Wi t ahead. :
tn 50 : . Bt o= o 108107 Toas of longitudinal control or abillty to adsquately
rtall, ommtrol altituds,
ftalls” Batisfactory, Hild piteh-arn,
phralght shead,
|y oFF ST 1 . et 00, 15%-11o RE[TIty to stop sink rata,
Gtall; Oatisfactory,
o -3 mmm. Buffat 3C. 100-105 ARty to stop Alnk rate,
Btall: Aatisfeotory.
| [13< ) Werning: Wergincl, DBuflot at 105, 5-115 Maquats meargln above stoll,
Btall: Good.
On 9% Warning; Marginel, Daifet at 108, TI5-115 Mequate margin mbown stall, Visibliity good suction
Etally Goodl. on, Pllot poted no difference in epproech gpead suotion
_ on or off but did oote lmproved visibllity.
0 Off 3 Warning; Wil rileron buffet 103. 120 on bepe | ADIiicy to pull g
Btall: Good sxnept for mild pitsh-up | 115 cver Tencel
100 touchdown
On 92 Wernings Mild ailsron buffet 96. TI0 an bage Ability to pull g.
Stall: Oood except for mild pitch~ | 110 ovar I
up, 9% tonehdowm
F off 155 Batinfartory 158 Proximity to otell,
O 59 datistagtory 108 Proxinity to etall.

#IHGEY W VOVN
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TABLE I.- PILOTS' COMMENTS RELATING TO STALL AND APPROACH CHARACTERISTICS - Continued
(c) Configuration III: F-86F; 38° flap; suction leading edge

Suction| Stall spsed }\wrmh mpeed
Filot B.L.C. | 1.A.8,, knota Stall choracteristios 1.A.8., knots Primary reascns for oboosing approach gpeed
A /4 4 s Werning: Tnsetiofectary. Very mild, 13% Unoontrollable yow at 129. Would pull nowe over in
slight making, wild pitehep, Yewr epproach,

at 125 too fer abesd of stall to be
considered g warning.
Etall: B8atisfactory.

™) 2] Warning: Fo comment, 15-158 Kose high aftitude, Corellsble stall. Cut suctiom off
8tall; Ieft roll sud pitah-down, &t 00, sirplene fell ont end rolled. {Afrplens stalled,)
unsatiafustory on first flight but , f
satimfrotory cp s)l others.
B off 108-T1§ | Woming:  Fo ocmment. L) Bhould not be flowvn In appromch below 130 becauss of ,
Etall: Puffets and eludders at 115 aarly affet and sbell anconntered in torndng flight at '
down to 108 befors bectming imean- 130, :

yar at 180-15%
n 5053 Varning: Wose-high attitnda, Foor 110 VieltiTity Is primary fastor In 1iwiting approsch opeed.
mestisfactery. 115 gives tettar visibllity than 110 but latter is war-
Stall: %o ocmmert. glnally sdequate. Pilot moted that one wing shallsd
firr: in turning flight. Was not concernsd aboot
possible loas of miction. Could reverss turn at 100,
. Comtrol good dovn to stall.
C oft 100 arning: Fair. Objectlomable yaw, 18 [Ho actual approsches mada.]
Btall: Sstisfectory.
[ 9008 Warning: angls of attack 10 Bottar oontrol and stanility.
gtall; Setdelfactory.
D (14 T00=T1% Waning: Deavy builet st stall. LT (Higher siall spaed arparantly determines appromah
: B8tall; Acosptabls, 130 over famcs| apesd.}
180 touchdown
[ L) Warndng: Fone, 130 base Vieibility was Timiting for approach and tounhdowm
gtall: Acoeptabls. 110 over fence| spocd. Pdlot 1iked abdlity to pull more g's in
110 touchdown | approach (1h0). Also 1iked dscrosssd stall spesd.
- [2; 4 4 = Warning: Yawa at 120, Mot toc o final | Adequate wirspesd above yav,

severs though. (Yer too far abesd (125 over fence
of stall to be consldsreld as varm- !
ing.) Buffwt oontimes down to
rtell with pitehing and continued
uffat through the stall.

Gtall: ESatisfac .

(i) g Voning: Yo yav. 155 on TInal | Limited By visibility tc 125. Oibarviss oould have Gadn
Etall: Eatisfactory. Similmr to 110 ovar fenee| 115. Flight wes smooth right down to atall at 98. i
metion off,
¥ [ oe T8 | Wwning: Yaw of 12155, Tmeeewol- | I | Chjectiaomsis Vv ot TE-IE5. =
lable if not looking for it. Worse O
than normal F-86F. Contimuious =
lataral oscillation to plich-up and
stall at 108, §
Btall: Unsstisfectory dus to yww and
pitch-up. L=
[ 23] Varning: Naw 110 Limited ecsuse of ocncern for dragging tall sl loosing \J
suction, Limited stall wvarning. Good zontrol down to \n
xtall, -
l—l
=




(¢) configuration III:

TAEIE I.- PILOTS' COMMENTS RELATING TO BTATIL. AND APPROACH CHARACTERISTICS - Concluded

F-86F; 38° flap; suction leading edge - Concluded

Hiot :n.rc.t.ém I.A.B.:m.rbou Stall dharmoteristios T.A.B. mlpud Primery Teesons for qhooeing spronch speed
b Off 07| warolig Ocod. Yaw and odfet at 1RO on ol | Tamitel Ty Sofer; mevval alvevedt Teal, ook yav,
185, 130 over fenos
i Stall: No commemt, 180 touchdoen
[ ) T Raom on TToel | Dood acfe mpgroach. Wouldn't slow down te 100 for Gouchd
Smll:; Bo comsnt, 120 ovar Tence| down beomuse of 1ok of ntall warring, Kot bothered hy
110 touohdosn bmhlwmﬁmqﬂuhumdﬂuwlwutim
atad svailabls in pattarn,
¥ o 55 Womlng: Yaw oot novioedl, BITet #E |10 oo foal | .
120, wallovm xt 110. 120 over fenoe
Hall: Aatixfactery, Partislly 110-115 tough-
gtallsd st 120 to 110, down
[ 1) Sorningt  Very 1 ITI5 on Maal | E a N . ou
in « 110 over fwnow| ba 0.K. if power could he reduced, Fo worry about visd-
#tally Acosptabls. Abrnpy rolleaff, |10 touahdown | bility dewn o 100, No worry shoud vimitdliky below
over-fanas speed. Not hotharad by mintion-aff stall
mpeed,  Appreciated sdditicel g ayailshle in epproash
.
T TI6-11% Yernlngr Wallet (D before stall. 135 | Proxiaity to stall,
Ball: Oood.
) Srnlng; Littia. — 1 Bate of sink inorsasing plus power requirel 1o beld

Siall; Healthy 1xft roll.

Tih-151 Waming: Ylm-h{fot dowmn o LA,
11

lyal flight. Laok of stall woning, Mg 34Tfarepee

P b e e o ST & T
ty yav. K. &% 1

[ Werming: yeu A
Hall: Good. Beall roll-off.

Attitade too staep helow
shoya siall 0.K. h\tvnrruﬂlbmttﬂlmnfﬂmm

pover in

5 Warningr DatIstactcry.

Froxiwity to R -8

Yiaitility, AUty o il g snd senenver markedly
i over othay cosfigteation.

—g—] 7 axtary, Toue
Fall; Batisfactoy,
T kL Taming) Batiafactary. Yaw sod roll
ut 125,

T yuv at 125,

Hoss=high ptiitudn.

Frooinlty %o yaw, Procimity &0 SEALL.

altitnde loas,
i 7 Rorgloal. lateral Instanil-|
1ky m 90,
ftall: Mergpinal.
| | Lo Ihx_n].n_l“ n; thmtidiactary, Aurupt yev
Aally; 0.K.
- Q}lli: st sfantary, None,
Btall -
5 | e =T ]
Btall; Moderate laft roll. 105 pyar Tanoe
N 120 tooabdown
g} ' 115 on base
B¥ally Abeupt roll-off, bat 118 over fensa

Fosltlive aliitods cornteol.

[ TXequats mrgln above yav.

. 9 ol power

B T T I T

[ Tetarioration &F Jataral control (wable to porzsat for
mrts),

o et . Eﬂﬁ Py ©
o m——

y Fadnotion In stalling apeed 1s of primary DLeportaios L1 redveing

asn In obtitwa in secondary.

(w13
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TABLE II.- STALL DATA - LANDING-APPROACH CONFIGURATION

Bla

I. Btepdard P86A-1; 38° flap;
ta

II. F-86a-%; 55° spetion flap; C.L.E. plus fence

III. F-86F; 30° flsp; suction leading mige

Huation ofT “Buction on — Dction oIt Fuction oo
Vo, @ ] Opinicn LT pioion 7 Vs, | Opdolee | Opiniom or ta | Opiniae L™ Opinica Opinlﬂ
Filot xnots of of knots of of mnots of. of e of of s of of
{2} stall (x) ¥R stall (1) waxTHY wtall wtal), (1) worming | gtell
K = Betia—  |bPatis- o ENGETE Y [ERTYE- 11T |imeatis- |Eetis- & —
factory factory Taotoxy factery | feciory E‘E:Jh
B Wrglnal™ | g.ema| 00 |Mequats | —do.—-] 0306 | Maqeats |--a.——| 105 | --- p— WH Tosatl- | —
fectory
[ — — — W] — —do, —— 9 | — Tood BT [Faix g:ctg;_’ B30 - Fatia-
[} — —_ —-- 9 -— —o, —- od - ;:ctg;! 93-112 -— Acgept- 92 |Hone Aogept.-
3 97 { % -— 9% J— P T yp— 95 |Nooe R — 102 — 9355:‘-: 95 - gatia
F T90-5%"| peutTi- Te- B3 [tocd —do.——-—] §7-91 | Inade- [ ry— 0% — t1a- 55 | b —-
¢lent ate ac
K3 ) - Tod tie~ o] R/ " o — 108 —- 9550 | Dok -
1 Tood — =G [T |- 9I5| — A —- T (R 5k - Foceptable]
1 P =, ———- [Good_ 100 [Good — — % |l — = — Gook ttle —
3 — —— — L] — —= ] e - -118 — — = Boal
i T £ T Wl -0 O W el 0 Ml -l
'ac ry
T [ — —do.——< | Gk gﬁ" . g a— 50 B Py T |, === |[—do.-—— | 0 [-A0.~==nn] .
" 0T — m - —80. meeem] 0993 | --40.—w= | A0, —==| 38 |WATginal [~=d0,==r- B nal ginal
¥ % | Unoatis- Thatis- J7 | —da, —=~ Taact 31 | -0, —~="[Good petiy- [~o.-=~= | 85 [Unsatils- De.
faotory | fwstoxy factary factary
) == — —— [ — . -y N B -o.-—| 118 |Aona —do.—- | 0
F - — —_ ] — Tatls- a7 — Batin- -— -— — Bl P —
. F factory factory
Average 1] 3~ |Satis- “OTL |Marsioal [fatia- 0 |[Aergmal  |Satin- 1565 [Jaatia- |Setls- YL (Uosaila-  |Kargioal
pilotts factary |factary to factory | fartory factoey | fmotory Tastary satis-
ealibrated to to patis- to to factory
stall sped gt | good footory gool
stall spesd 88.5 —— —— 23.9 — -— 92.9 — —— 107.2 == —_ 83.0 --= -—
A for
5_53.&_

(1)ExtmpchtiunotﬂnMuﬂihuﬁancnrmufﬁgm5hnhemnqumdfors_o¢m-nlun.

gl
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TABLE ITT.- APPROACH SPEEDS OR OVER-THE-FENCE SPEEDS CHOSEN IN INITTAL. INVESTIGATTON

Celibratad epproach In kmots ToF @ach T1Iot !
Canflxuratiom et T 5T T P 2 | F 0] 81 Y1 J [ K] L [ W _ [ W _[~G ] ¥ Avrage
T, Btandard F-O0A-T;
flap; Alate — |1k | 1k| -—] —~] 18 | 11k | MB| 130 % — | 18| 18 | 14 | N | eww | =] 1T.8
1T, F-HoA-5; SE I [ 5 6| ETud [ of | B 1% L | D515 | 05| 1o- | L5 | 18| 1b.0
pi5° muctdon Tlep) B1 o | us
C.5.E. plus fonos To % | 16 1o IS IO | I L0 oo | =F [ W 1p- | 99- | 10~ | 10 | 10| 110.8
107 %g_ 10
tx. F-O&r; W IW W | =T 9] &8 | 13- i ﬁﬁ"?ﬁ-"‘!ﬁ 1% 'ﬁi—"ﬂa—'m' 5.5
[30° flsp; muction _ﬁ
Loading odge Bn | 4b3- | 01| 1X7 | 107 IO | W7 [ L7 { 107 | 0T | BE | 103 | W7 | 1% | 105 | 109.%
105
areass 1n
due mwnuu — | | A ] =] 43| A ] | B L| 3] 3 I 2.1
Eg dsfleation £ 9 -1
STORES spproach
due to addition — Q T 1 o] 10- 5 [ 5 11 6 T 8- 5 0 " h 5.9
:t- flap B,L.C, 16 10
areans 1n approach -
duo to addition e 9= 32| 10| | 16 16-| 1@{ 0| | o~ 22| 1T 26 g 1k | = 0.8
laading-sdgs B.L.C. 31 2p 14 .
e in approach
Me 4o leading- | -— { 9=| T —|-—| 00| T | 1| €] B8] —= | W] 6 1| T[|—|— 9.3
B.L.G, comparad n
dard ¥-86A~1
TAELE IV.- PRIMARY REASONS FOR LIMITING APFROACH SFPEEDS
Initinl irvestigetion later tion
T, PBGA5; O mstion | TII, ¥-84ry ¥° fapy TIAIT. Pl
T VDAL | “rlagy C.LN. Fluw femoe wrtion Taaling odge | (a11 eentiresions)
Bwetion ol Poetdon on Egﬂmuﬂ Boaticn on Buotlon on o ofl
B LTI A, B, ﬁr g, 0, 5, I, b1
L NP LILEP
L 5T, 0,
OHKE LXK
N, P
¥ LT
1 7 a 1 3
(YR P P nE T T T B 5 5 L
Y 1,7 ’
¥ ¥
5 5 2 a
o Y, 5, LN K [ A T, L L T P | L H K
or altitufia contrel
F T, K, 0 . P} i) | LY
T
T, 1 H [} ]
Nber of plista Linlting
for altimda or longltu-
dinal eonircl aharaoter- 7 [ [ L § &
iatios
Detarioration of INEaTAl comirol ]
Conoarn for pousible loss of suotion nJ

TF11ct did nof oomyletaly wiall alrplans.
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TAFLE V,- COMPILATION OF CALIBRATED LANDING-APPRQACH AIRSFEED DATA ON ALL CONFIGURATIONS FOR THE
PILOTS FLYING THE COMPLETE BEVALUATIONS

Tnitisl Investigatiom Later investigation
[ Ceonflguretica | iguraticn | Gonfigaraticn | Conflguration Configuration | Conflguration Tonf iguration
1. 1iI. oI. Iv. Y. vI. VII.
Pilot Btanderd air- [55° flap; C.L.B. Suction lesd-| 55° flapj C.L.E. | %5° flap; slats G4° fiep; gh0 £1ep; elate
plane lus fence ing edge no fence C.L.E, and fence
Sucticn Suction gnetion Suction Suetion Buctlon
i $3 On Off n off | On [l [ OFT On Off on
K 118 115 108 129 107 10 101- 110 101- | 110 102 105 100
109 103 -
T 18 5 109- | 19 | 12 115 100 R 105 115 107
107
¥ LN 05 | 99- | 129 103 105 99 T 95- | L1io- - [10%- T
110 105 100 112 105 110
)3 1tk 110~ | 110- 134 107 110- 105 107~ 102~ - 102 105 100~
115 115 115 108 10% 110 109
verage pllotts cali-
ated aprroach speed, 116.0 112.% | 1o7.1| 130.2 | 07.2] 110.6{ 103.T 108,6 | 1we.2| 3.2 103.2 |105.8 | 100.3
ots
varage deoreage In
oach apeed dus to . LB .
added flep deflectionm, - 3.3 54 T-b 9
ots
vergge dacrease in
proach epeed dua to
tion gesucti:n -—- 5.k 23.0 6.9 6.0 8.0 5.5
L.0., knots ' '
verage dscracge in
F;wml.nh speed balow - 8.9 8.8 12.3 13.% 12.8 15.0
stendard airplane, knots
atall speed
YL, fox (H/8),, imot 85.5 93.¢| 92.9) 10T.2| B85.0| 853 821 90.2 a.k| 9.7 89.k | 89.3 81.3
tio of aver
lp‘prmca h l'peodas:a neag- 1.31 1.200 1.9 1.2 1.2 1.3 1.26 1.2 1.1 L2 1.16 | 1.19 1.15
atall speed, knots
eass in speed for
thrust required — 6.3 10.0 — 8.0 6.7 T.0
to suetion B.L.C.,
{nots
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Figure 1.- Stendard F-86A-1 airplane,

rwd
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A-20150

Figure 2,- The F-86A-5 airplane equipped with a 55° suction flap, cambered leading edge plus
fence.
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Figure 3,- The F-86A-5 airplene eguipped with 64° euction flap, cambered leading edge plus fence,
(Diffuser, graded porous material, and other improvements added.)
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4Q
NACA RM A55K1h _ L 25

© Denotes low speed limit of pacing data

t40
/
v
/
130 //
//’
/4
. A
Suction flap F-86A—5—\ // d '
120 S ///
// ’

7/ N Standard F-86A-1
7/ /
1O -
SN
. //

/4
/~// M Suction leading edge F-86F
100 -
//

90/ /

Calibrated airspeed, knots

AN

S0 100 11O 120 130 140
indicated airspeed, knots

Figure 5.- Flight-determined airspeed calibration curves for the test
alrplanes.



26 R N NACA RM AS5K1h

——O—— Suction off, approach power, 55° flap, C.L.E.
plus fence
—L——— Suction on, approach power, 55° flap, C.L.E.
plus fence _
-~ ——=——— Standard airplane, 38° flap
o ne Average approach speeds
Pitch up — P Y
\’}‘ N
pd
///’—
/ Vi
1.2 7
/ f
7/
CL 74
1.0 KM
,N
0
.8
6
4
0 4 8 12 16 20 24

a, deg
(a) Suction-flsp airplane,

Figure 6.~ Lift coefficient.versus angle of attack for the test air-
planes with values corresponding to individual pilot's approach
speed shown. '



NACA RM A55K1h

L o7
20 -O- Suction off, approach power, 38¢ flap
~=-O~-~- Suction on, approach power, 38° flap
- Suction on, wave-off power, 38° flap
on Average approach speeds
1.8 =
AN\
7
kN
/ “‘
1.6
A
/
I/V
1.4 //
/]
‘l
N4
(.2 pi%/
B,D,E,F,H,K,N
O e
Lﬂy P
.05, 1,7<
“H
NELO
.8 oF
D,G,K,L,M,P
A1, N
6 V2]
4 8 12 16 20 24 28
 a, deg

(v) Suction leading-edge airplane.

Figure 6.- Concluded.



3200 ; :
55¢° plain flap, cambered leading edge plus fence; W/S =426 Ib/sqft

o Average pilots approach speed ( 4 pilots, from table ¥)
o DO e e o e (16 pilots, from table II)
o Minimum thrust required

o
‘-ﬂ . /
E’ 2800 /
-
2
2 Suction on — _
5 2400 _ Z/
o ./
2 \ =
'S e d .
8 \ MM /’/\—-— Suction off
~ 2000 "] d
3 T
£
-

1600

BO 90 60 - 110 120 130 140 150

A'irs‘,peed, knots
(a) Suetion-flap alrplane.

Figure 7.~ Thruet required versus silrspeed for the test alrplanes; flap and gear down; speed
brakes out.
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Thrust required for level flight, Ib

-]
3200 §
38° flap, suction leading edge; W/S = 44.7 Ib/sq ft z
————— Standard airplane, 38°; W/S = 42,3 |b/sq ft =
(o) Average pilots approach speed, (4 pilots from fable X) %
2800 o DO: e e (18 pilots from table IIT) “‘
B Minimum thrust required
-
2400 A i
\ P
- .
\;\\\ r-‘! ’F /
L. .
\.ﬁ___h &_____‘o,d—' Suction on }//
2000 NN = g e
/
\ /
0~ /‘Aqéc Suction off
1600
80 90 100 o 120 130 140 150

Airspeed, knots
(b) Suction leading-edge airplane.

Figare 7.=- Coneluded,
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—O— Slatted leading edge
1.8 +
—===-{=---— GCambered leading edge
i
7
L/
//’
1.6 7 7
/ 1N
/ /
£ <
r/, // ‘
pr 2 I\
1.4 7 \)
Suction on \// /
.2 ’/(/
/d;(/ ////<¥-Sucﬁon off
o ,/ /q}f
/ /
// /
.8 // 4
'64 8 e 16 20 24

o -
W : a, deg

(a): The 55° plain flap.
Pigure 8.- Lift coefficient versus angle of attack for the improved

suction-flap alrplane with several leading-edge configurations
with values corresponding to average pillots' approach speeds shown.
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~——O——— GCambered leading edge with fences
- = —f——— Slatted leading edge

1.6
‘//’--\\
1.4 7 —~
Suction on
\)/ )
.2 —/ /
}/J — Suction off
// 1
1.0 /{
) X
8 /
/V
.6
4 8 : 12 [6 20 24
jo— v a, deg

(b) The 64° plain flap.

Figure 8.- Concluded.



Thrust required for level flight, Ib

© Average pilots approach speed
8 Minimum thrust required
2800
2400 %%
Suction on—| /
>
\ //‘(Sucﬁon off
'Y P P
2000 X —
\__u_.—-—o—‘"'-’/
1600 .
80 90 100 HO 120 130 140

Airspeed, knots

(a) The 55° plain flep, slatted leading edge.

Figure 9.~ Thrust required for level flight versus sirspeed for the improved suction-flap

150

airplane with several leamding-edge configuratione, flap end geer down, speed brakes out;

W/S = 42.6 pounds per square foot.
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Thrust required for level flight, Ib

O Average pilots approach speed /’
@ Minimum thrust required //
2800 r ' > Z
Suction on //
7
2400 v {
k ( // Suction off
]
2000 SJ%J o]
\.‘_n_r__.-—"
1600
20 100 O 120 130 140 150

Airspeed, knots

(b) The 64° plain flap, cambered leading edge with fence,

Figure 9,- Continued.
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3200
© Average pilots approach speed

a O Minimum thrust required //
E, 2800
= Suction on —>// /
© .
g ey
& 2400 ///
o \— Suction off
.g \ / _«/
> N - —
e //
E 2000 e kO
£
[

1600

80 20 100 o] 120 130 140

Airspeed, knots

(c) The 64° plain flep, slatted leading edge.

Pigure 9.- Concluded.
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O Standard airplane, 38¢ slotted flap, slatted leading edge
o Suction flap airplane, 55° plain flap, C.L.E. plus fence, suction off

RPRPIRDAODQ

Average pilots calibrated approach speed, V,, knots

Do e eieeeeeee ———_ (suction on)
Do o e slatted leading edge, suction off
DO - (suction on)
Do.. — —___64° plain flap GC.LE. plus fence, suction off
DO e e e —(suction on)
Do. - o ___ _ ___ slatted leading edge, suction off
Do - - i ___(suction on)
Suction leading edge airplane, 38° slotted flap, suction off
bo.w oo ______(suction on)
@® & Data from 16 pilots
130 —
120
a1
110 w 4 X
A >
g, X
&
100
S0
90 100 1o} 120 130 140

Speed for minimum thrust required, knots

Figure 10.- Pilota'! approach speed versus speed for minimum thrust

required (pilots K, L, M, N except as noted).
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